Cratons are generally considered to comprise lithosphere that has remained tectonically 15 quiescent for billions of years. Direct evidence for stability is mainly founded in the Phanerozoic 16 sedimentary record and low-temperature thermochronology, but for extensive parts of Canada, 17 earlier stability has been inferred due to the lack of an extensive rock record in both time and 18 space. We used 40 Ar/ histories. This work is focused on understanding the transition from Archean-Paleoproterozoic 23 crustal growth to later intervals of stability, and how uninterrupted that record is throughout 24
histories. This work is focused on understanding the transition from Archean-Paleoproterozoic 23 crustal growth to later intervals of stability, and how uninterrupted that record is throughout 24
Earth's Proterozoic "Middle Age." Intermediate-temperature thermal histories of cratonic rocks 25 at well-constrained localities within the southern Canadian Shield of North America challenge 26 the stability worldview because our data indicate that these rocks were at elevated temperatures 27 in the Proterozoic. Feldspars from granitic rocks collected at the surface cooled at rates of 28 <0.5°C/Ma subsequent to orogenesis, seemingly characteristic of cratonic lithosphere, but 29 modeled thermal histories suggest that at ca. 1.1-1.0 Ga these rocks were still near ~200°C -30 signaling either reheating, or prolonged residence at mid-crustal depths assuming a normal 31 cratonic geothermal gradient. After 1.0 Ga, the regions we sampled then underwent further 32 cooling such that they were at or near the surface (<< 60°C) in the early Paleozoic. Explaining 33 mid-crustal residence at 1.0 Ga is challenging. A widespread, prolonged reheating history via 34 burial is not supported by stratigraphic information, however assuming a purely monotonic 35 cooling history requires at the very least 5 km of exhumation beginning at ca. 
Linking high and low-temperature thermochronometers 140
Potassium feldspar is a useful mineral for 40 Ar/ 39 Ar dating because of its high K content, 141 ubiquity in felsic rocks, and stability during in vacuo heating (McDougall and Harrison, 1999) . 142 K-feldspar is moderately retentive of radiogenic 40 Ar, and low-temperature ordered K-feldspars 143 usually exhibit complex microstructures that lead to what has been termed multi-diffusion-144 domain (MDD) behavior, which means that most grains of K-feldspar contain a distribution of 145 diffusion domains that can record a range of temperatures (Lovera et al., 1989; Lovera et al., 146 1991) . 40 Ar/ 39 Ar K-feldspar MDD analysis is able to determine continuous temperature-time (T-147 t) paths over the range ~150˚C to 350˚C and the shape of age spectra can distinguish between 148 slow and rapid cooling. Continuous T-t paths can be established over this interval because the 149 39 Ar released during step-heating can be used to independently determine the sample's specific 150 diffusion kinetics and domain-size distribution. These data can then be used to invert the 151 observed 40 Ar/ 39 Ar age spectrum for the only remaining unknown, the thermal history. Modeling 152 for thermal history is best done using an inverse approach to eliminate observer bias from 153 forward modeling, and also speed up the recovery of a robust suite of thermal histories. K-154 feldspar 40 Ar/ 39 Ar thermochronology fills the middle-temperature range between higher 155 temperature methods recording crystallization, such as U-Pb geochronology, and the low-156 temperature chronometers (apatite fission-track and (U-Th)/He) that record near-surface 157
processes. 158
Within a Superior Province reference frame, our craton-interior samples are spatially bracketed 160 by well-known histories in the northwestern craton (Athabasca) and the southeastern craton 161 margin (Grenville; fig. 1 In determining sample-specific kinetic information and the related diffusion-domain information, 226
we used the ranges in K-feldspar kinetics (i.e. diffusivity and activation energies) reported by 227 Lovera et al. (1997) as a cross-check to rule out any unreasonable values. Along with the 228 observed age spectra and their uncertainties, these sample-specific parameters served as the 229 primary input for our thermal history inversions. We performed thermal history modeling only 230 on samples that obey K-feldspar MDD theory, i.e. age spectra consistent with slowly-cooled 231 feldspars should systematically increase in age from 0 to 100% cumulative 39 Sample OL13 is a syenogranite from the CMB, ~100 km northwest of Ottawa. This area 328 underwent upper-amphibolite facies metamorphism at temperatures and pressures of 700 ± 50°C 329 and 6.5-7.5 kbar (Kretz, 1994) 
Summary of results 340
Like for all thermochronometers, the use of the 40 Ar/ 39 Ar MDD method to resolve time-341 temperature histories over protracted periods requires that diffusion mechanisms and kinetics 342 determined in the laboratory over short timescales apply to much longer intervals; i.e., the 343 assumption is that there are no additional slow, low-temperature argon-loss mechanisms that 344 become significant at billion-year timescales ( fig. 2D-F would imply that these rocks were in the mid-crust. If reheating occurred via long-term burial, 366 thick sediment packages would be required, and following peak reheating, rocks would then 367 need to be re-exhumed. Therefore, significant burial heating is an unlikely mechanism, although 368 the next sections discuss possible contributing mechanisms to explain these thermal histories. (just east of Kyle Lake; fig. 4 ) in the western Superior Province signify a modified mantlecomposition or reworked structure between parts of the western province due to extension and 547 basalt emplacement (Scully et al., 2004) . The thickened crust of the rift flanks experienced uplift 548 due to increased buoyancy and the "topographic doming" model of Allen et al. (1992) proposes 549 MCR melting from a mantle plume source affected a large portion of the western Superior lower 550 crust with underplating occurring up to 650 km from the rift itself (fig. 4) . This model is 551 reinforced by the aforementioned high-density, lower-crustal layer thickening towards the MCR 552 and the presence of synchronous Keweenawan dikes (and kimberlites) north of Lake Superior 553 (Ernst and Bleeker, 2010) , which are typically believed to be the surface expression of 554 underplated mafic rocks (Nelson, 1991) . 555 556 and exhumation, in agreement with sedimentary data and high-temperature geochronology -and 645 our K-feldspar age spectra lend further support for this observation. 40 Ar/ 39 Ar age spectra and 646 thermal-history solutions from southern craton localities suggest very slow cooling of 647 <0.5°C/Ma throughout the Earth's middle age, whereas histories allowing reheating permit some 648 minor burial prior to ca. 1.0 Ga. Despite these subtle differences, the most important point is that 649 regardless of the type of history, southern craton rocks that are now at the surface were at 650 temperatures of ~200°C in the latest Proterozoic.
652
The known levels of total erosion and P-T constraints on the total crustal thickness in the western 653
Superior Province put limits on the regional exhumation history. Proterozoic slow cooling 654 requires crustal thickening on the order of ~10 km near 1.0 Ga to permit the necessary uplift and 655 erosion to explain the thermal histories derived from 40 Ar/ 39 Ar data. We argue that regional 656 magmatic underplating due to ca. 1.1 Ga Mid-Continent rifting thickened the crust and caused 657 exhumation beginning in the very latest Meso-to early Neoproterozoic. This is supported by 658 regional geophysical data that reveals underplating and crustal thickening adjacent to the Mid-659
Continental Rift in the western Superior Province. Ultimately, there is an issue with timing 660 regarding the amount of exhumation ± burial prior to 1.0 Ga and the estimate of the actual crustal 661 depth of our samples at 1.0 Ga. Our preferred scenario is that after Archean-Paleoproterozoic 662 tectonism, there was ~3-5 km of exhumation in (linked) combination with allowing up to ~1-3 663 km of Mesoproterozoic burial, followed by ~6-9 km of exhumation starting at ca. 1.0 Ga. 664
Integrated thermochronology and geologic records thus suggest that most cratonic exhumation 665 was delayed until the early Neoproterozoic, during this previously unrecognized exhumation 666 event. Large-scale denudation contributed to the development of the Great Unconformity in 667
North America, preceding the recognized epeirogenic burial and exhumation episodes occurring 668 during the early Phanerozoic. 669
670
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